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Abstract
A community-based longitudinal study was performed in the Eastern Province of Zambia, in which repeated serological
samplings were done to determine the incidence of human cysticercosis. Three sampling rounds were carried out at six
months intervals. A total of 867 participants presented for all three samplings. All samples were tested for the presence of
cysticercus antigens using a monoclonal antibody-based enzyme-linked immunosorbent assay (sero-Ag-ELISA), while a
randomly selected sub-sample of 161 samples from each sampling round was tested for specific antibodies using a
commercial enzyme-linked immunoelectrotransfer blot (EITB) assay. Stool samples (n = 226) were also collected during the
final round of sampling for taeniosis diagnosis by coprology and coproantigen ELISA. Cysticercosis seroprevalence varied
from 12.2% to 14.5% (sero-Ag) and from 33.5% to 38.5% (sero-Ab) during the study period. A taeniosis prevalence of 11.9%
was determined. Incidence rates of 6300 (sero-Ag, per 100000 persons-year) and 23600 (sero-Ab, per 100000 persons-year)
were determined. Seroreversion rates of 44% for sero-Ag and 38.7% for sero-Ab were recorded over the whole period. In
conclusion, this study has shown the dynamic nature of T. solium infections; many of the people at risk become (re)infected
due to the high environmental contamination, with a high number turning seronegative within a year after infection. An
important number of infections probably never fully establish, leading to transient antibody responses and short-term
antigen presence.
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Introduction
Human (neuro) cysticercosis, an infection caused by the metaces-
tode larval stage of the pork tapeworm Taenia solium, is a serious but
neglected zoonotic disease and a major public health problem in
many developing countries of Latin America, Asia and Africa [1,2].
Humans are the definitive hosts harbouring the adult tapeworm
(leading to taeniosis). Carriers of the tapeworm shed eggs into the
environment that are infective not only to the pig intermediate host
(leading to porcine cysticercosis) but also to humans who then act as
an accidental intermediate host [3] leading to human cysticercosis.
When the larval stages invade the nervous system they cause
neurocysticercosis (NCC), which is the most important parasitic
disease affecting the nervous system and accounts for about 30% of
all acquired epilepsy cases in endemic areas [4]. In terms of Disability
Adjusted Life Years (DALYs), the global burden of epilepsy is
estimated at 7.8 million DALYs with 6.5 million of these occurring in
T. solium endemic regions of the world [5].
The few community based human prevalence studies carried
out in Africa have indicated sero-prevalences of human cysticer-
cosis ranging from 7–22% [e.g. 6,7,8]. In a recent study in
Zambia, a sero-prevalence of 5.8% has been recorded in a rural
community in the eastern part of Zambia [9].
Studies that report incidence of human cysticercosis are even
more scarce and absent for Sub-Saharan Africa. Two longitudinal
studies in villages in Peru indicated human cysticercosis incidence
rates of 25% and 8% by specific antibody analysis [10]. In a
simulation model based on data obtained in a rural community in
Ecuador an annual incidence rate of 14% was described [11].
Obviously, more information is needed on the transmission
dynamics of this parasite. The present study aimed at determining
the incidence of human cysticercosis in an endemic area.
Materials and Methods
Ethical statement
The University of Zambia Biomedical Research Ethics Com-
mittee granted ethical clearance (IRB0001131) for the study.
Further approval was sought from the Ministry of Health of
Zambia, from the local district health authorities and the area
chief. Meetings were held with the people in the villages through
their leaders (headmen) to explain the purpose of the study,
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request their permission to conduct the study and also to invite
them to participate. Participation was requested of individuals of
all ages after written informed consent. For individuals below the
age of 16, permission was sought from their parents or guardians
by way of written informed consent. All participants found positive
for taeniosis and other helminths were provided with treatment,
namely niclosamide and mebendazole respectively. Those positive
for cysticercosis were referred to the District hospital for follow-up
and the recommended standard of care provided to them if
required.
Study area and population
The study was carried out in the Vulamkoko community in
Katete district of the Eastern province of Zambia (figure 1). The
Vulamkoko Rural Health Center (RHC) provides health care in
this community with a catchment population of 23,613 (clinic
headcount records). The climate is tropical with two main seasons,
the rainy season (November to April) and the dry season (May to
October/November). The mean rainfall varies from 500 to
1200 mm/year with temperatures above 20uC most of the year.
The most common ethnic group in Katete is the Chewa people.
They practice subsistence agriculture raising animals and growing
crops. People’s homes in this area are of adobe and have no
sanitary facilities. Pigs have access to the nearby bushes that are
used as latrines by the villagers.
The community was selected for the study on the basis of known
endemicity for porcine cysticercosis [12], presence of free roaming
pigs, backyard slaughter of pigs without meat inspection,
continued observation of cysticerci in the meat, absence of any
cysticercosis related control programs and the community’s
willingness to participate. All willing villages within a radius of
7 km from the RHC were selected. The willingness of the RHC to
collaborate, and the availability of staff and adequate working
space was also taken into account.
Study design
A community-based longitudinal study was carried out between
October 2009 and October 2010, with three main sampling
rounds (R1, R2, R3) with six months intervals (figure 2).
Participants who were not sampled in the first round of sampling
and willing to participate were entered in the study only during the
second round of sampling.
Meetings were held in the selected villages and individuals of all
ages of all households invited to participate in the study. The
sampling unit was an individual in a household. Each willing
participant, after written informed consent, was registered and had
a blood sample taken by qualified health personnel every six
months during a 12-month period (a total of 3 samples). During
the last sampling round, a stool sample was also requested from
the participants.
A questionnaire was administered to each participating
household to obtain information on general household character-
istics, pig management and sanitation (Mwape et al., submitted).
Sample collection and analyses
About 5 ml of blood were collected, serum extracted, aliquoted
and stored at -20uC until use. Submitted stool samples were
divided into two aliquots, one placed in 10% formalin and the
other in 70% ethanol and stored until use. All the samples were
transported to Lusaka for analysis [9].
The serum samples were tested for circulating cysticercal
antigens using the monoclonal antibody-based B158/B60 antigen
enzyme linked immunosorbent assay (sero-Ag-ELISA) as de-
scribed by Dorny et al. (2004) [13]. To determine the test result,
the optical density of each serum sample was compared with a
series of 8 reference negative human serum samples at a
probability level of P,0.001 [13].
Due to budgetary restrictions, not all samples could be analysed
for presence of specific antibodies. Therefore, from the individuals
that gave samples at all the sampling rounds, a StataH (Stata
Corp., College Station, TX) generated random subset sample,
taking into account the age and sex distribution, was tested for
presence of specific antibodies against cysticercosis using a
commercial kit, ImmuneticsH (Immunetics Inc.). The assay was
performed according to the manufacturer’s instructions.
The stool samples, only collected during the last sampling
round, were microscopically examined for Taenia ova using the
formalin-ether concentration technique as described by Ritchie
(1948) [14]. Additionally, the samples were analysed for the
presence copro-antigens using a polyclonal antibody based antigen
ELISA (copro-Ag-ELISA) as described by Allan et al. (1990) [15]
with slight modifications [9].
Prevalence and incidence calculations and statistical
analyses
All collected data were entered into an excel (Microsoft Office
Excel 2007H) spreadsheet and analyses were conducted in Stata 10
(Stata Corp., College Station, TX). The sampled population was
distributed in 10 age categories of 10 years intervals and in
function of sex.
Antigen and antibody seroprevalences. The antigen and
antibody seroprevalences (Ag and Ab seroprevalence) were
calculated for each sampling round by age category and by sex.
The Two-sample test of proportion was used to compare (1) Ag/
Ab seroprevalence between sex within each sampling round and
(2) Ag seroprevalence with Ab seroprevalence within each
sampling round. Random effect logistic regression analysis was
used to compare sero-Ag and sero-Ab prevalence between rounds.
Multivariate logistic regression analysis was used to study
association between sero-Ag prevalence and age and sex, and this
for the 3 samplings rounds. The significant level was set at 0.05.
Author Summary
Human neurocysticercosis is an infection of the central
nervous system caused by the larval stage of the pork
tapeworm (Taenia solium). The infection occurs mainly in
developing countries and is associated with poverty, poor
sanitation and free-range pig management. It is estimated
to be responsible for 30% of cases of acquired epilepsy in
endemic areas. The limited number of human studies on
this infection in Sub-Saharan Africa determined a high
occurrence of cysticercosis. This study aimed to learn more
about the transmission dynamics of this parasite in a rural
endemic area in Eastern Zambia. A longitudinal study was
carried out in which 867 participants were blood sampled
three times, with a 6-month interval. Samples were
analysed for the presence of cysticercal circulating
antigens and specific antibodies. Results indicate that
about 1 on 3 people get exposed to infection while only 1
on 10 people actually acquire infection. The study shows
the dynamic nature of T. solium infections; many of the
people at risk become (re)infected due to the high
environmental contamination, with a high number turning
seronegative within a year after infection. An important
number of infections probably never fully establish,
leading to short-term antibody and antigen presence.
Incidence of Human Cysticercosis in Zambia
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No statistical inference was done on sero-Ab prevalence and age
and sex because of the low number of samples.
Incidence calculation. Only individuals who were sampled
during all three sampling rounds were included in the incidence
calculation. Individuals were defined as at risk if they were
seronegative at the beginning of a period. An incident case was
defined as an individual whose serology changed from negative to
positive (seroconversion) between two sampling periods. Serocon-
version and seroreversion was determined for both antigen and
antibody results for three periods namely the first 6 months (Period
1, P1), the second 6 months (Period 2, P2) and over 12 months,
that is between R1 and R3 (Period 3, P3). Seroreversion rates were
calculated by dividing the number of positive tests that turned
negative by the number of positive tests at the previous sampling
round. Incidence rates were calculated as:
Incidence rate = number of cases in a defined time period/
number of person-time units at risk during the time-period
The person-time unit represents 1 person for a defined period of
time. Six monthly and yearly incidence rates were calculated first.
Finally, yearly incidence rates were multiplied by 100000 to be
expressed by 100000 persons-year.
The Two-sample test of proportion was used to compare (1)
Ag/Ab seroconversion rates between sex within each period, and
(2) Ag/Ab seroconversion rates with Ag/Ab seroreversion rates
within each period. In addition, a change point analysis was used
to compare Ag seroconversion rates with Ag seroreversion rates in
function of age. The change point analysis classifies the population
into 2 age groups at different age points (10, 20, 30, 40, 50, 60, 70,
80 years old). The Two-sample test of proportion is then used on
both age groups in order to identify any change of significance
when comparing Ag seroconversion and seroreversion rates. The
significant level was set at 0.05.
Results
Sampling
A total of 3167 serum samples (from 1206 individuals from 32
villages) and 226 stool samples were examined for cysticercosis and
taeniosis, respectively.
Entrees and exits of participants are explained in figure 2. A
total of 1129 individuals were sampled at baseline (R1), 1069 at R2
and 969 at R3. A total of 867 (76.8%) gave samples during all
sampling rounds. Reasons for lack of follow up at R2/R3 consisted
of refusal to continue participating (2.7%/5.3%), away at time of
sampling (3.8%/6.6%), reported sick and could not be sampled
(1.2%/1.1%), died of other causes, as assessed by the RHC (0.3%/
0.7%), relocated to other areas (1.2%/2.2%) and those that could
not be traced (2.8%/3.1%).
From the 867 individuals sampled at R1, R2 and R3, 358
(41.3%) were men and 509 (58.7%) women; the age ranged from 2
to 87 years with a median age of 18 years. The number of people
living in a HH ranged from 1 to 15 with a median of 6. From the
867 individuals that gave samples for all the sampling rounds, a
random sample of 161 individuals were tested for specific
antibodies against cysticercosis in each round (the same 161
participants were tested in each round).
Household characteristics
Household characteristics (recorded from 516 HH) included;
69% of the HH kept pigs with 98% of these rearing on free-range,
Figure 1. Map of Zambia showing the study area (Vulamkoko catchment) in Katete district of the Eastern province.
doi:10.1371/journal.pntd.0002142.g001
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46.6% of the HH did not have latrines. About 72.2% slaughter
pigs in their backyards, 96.2% had at least one individual who
consumed pork (boiled, fried or roasted). Only 0.6% had the meat
inspected. The data obtained in the questionnaire are described in
more detail in another report (Mwape et al., submitted article).
Cysticercosis and taeniosis prevalences
Table 1 shows the overall and by sex cysticercosis sero-Ag and
sero-Ab prevalences per sampling.
Sero-Ab prevalence figures (33.5–38.5%) were significantly
higher than sero-Ag prevalence figures (12.2–14.5%). No signif-
Figure 2. Cohort composition and changes during the three sampling rounds. (Format adapted from Garcia et al., 2003 [18]). R1, R2 and R3
stand for first, second and third round of sampling. Ag-ELISA: detection of circulating cysticercus antigen in serum; EITB: detection of specific
antibodies in serum; HH QS=household questionnaire; Coprology: coproscopy and Copro-Ag-ELISA. *Only carried out on a randomly selected
sample of 161. **Carried out on stool samples collected at R3.
doi:10.1371/journal.pntd.0002142.g002
Table 1. Sero-antigen and sero-antibody cysticercosis prevalences for the three sampling rounds.
Sampling round Sex Ag-ELISA EITB
No. tested % positive 95% CI No. tested % positive 95% CI
R1 All 1129 12.5 10.6–14.6 161 34.2 26.9–42.0
M 464 13.6 10.6–17.0 67 32.8 22.0–45.0
F 665 11.7 9.4–14.4 94 34.0 24.6–44.5
R2 All 1069 14.5 12.4–16.8 161 33.5 26.3–42.4
M 440 16.8 13.4–20.6 67 34.3 23.2–46.9
F 629 12.9 10.4–15.8 94 33.0 23.6–43.4
R3 All 969 12.2 10.2–14.4 161 38.5 31.0–46.5
M 403 13.4 10.2–17.1 67 41.8 29.8–54.5
F 566 11.3 8.8–14.2 94 36.2 26.5–46.7
R1, R2 and R3 stand for first, second and third round of sampling. Ag-ELISA: detection of circulating cysticercus antigen in serum; EITB: detection of specific antibodies in
serum.
doi:10.1371/journal.pntd.0002142.t001
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icant differences were observed in sero-Ab and sero-Ag preva-
lences between males and females. The sero-Ab prevalence does
not change between sampling rounds, the sero-Ag prevalence was
significantly higher in sampling round 2 than in round 1. The
probability of being sero-Ag positive increased with age for men
for all three sampling rounds.
Taeniosis prevalence was determined to be 11.9% by copro-Ag-
ELISA. Eleven and a half percent of the participants that tested
copro-Ag positive, were also sero-Ag positive. Thirteen percent of
the participants that tested copro-Ag negative, tested sero-Ag
positive. Taenia eggs were not detected by coprological examina-
tion in any of the stool samples. Other helminth ova detected
included hookworms in 20 of the samples (8.8%), Schistosoma spp.
in 7 (3.1%) and Trichuris trichiuria in 2 (0.9%).
Incidence, seroconversion and seroreversion
Antigen. For Period 1 (6 months), Period 2 (6 months) and
Period 3 (12 months), 6.9%, 4.0% and 6.3% of the sero-Ag
negative (naı¨ve) individuals at risk of infection seroconverted,
respectively; leading to a sero-Ag incidence rate of 6300 (100000
persons-year).
Although males recorded higher seroconversion rates than
females for all periods, this was not significant (table 2).
Seroreversion rates were significantly higher than seroconversion
rates for each period: 36/109 (33.0%) for Period 1, 47/125
(37.6%) for Period 2 and 48/109 (44.0%) for Period 3 (Figure 3).
Seroreversion rates were not significantly different between males
and females. Figure 4 presents the seroconversion and -reversion
rates for the different age groups for Period 3. Seroreversion was
observed to be significantly higher than seroconversion in the age
group up to 60 years, at which a change point was noticed. After
60 years, seroconversion rates were not significantly different from
seroreversion rates.
Antibody. For Period 1, 2 and 3, 17%, 20.6% and 23.6% of
the sero-Ab negative (naı¨ve) individuals at risk of infection
seroconverted (Table 2), leading to a sero-Ab incidence rate of
23600 (100000 persons-year). As for sero-Ag, the differences in
seroconversion between males and females were not significant.
Antibody seroreversion (34.5% for P1, 25.9% for P2 and 32.7%
for P3) was higher than seroconversion, although only significant
in P1 (Figure 3). Seroreversion rates were not different between
males and females for P1 and P2.
Table 3 shows the infection dynamics, as measured by antibody
and antigen presence, throughout the three sampling rounds. A
high percentage (78.4%) of individuals remained sero-Ag negative
throughout the study, compared to 44.7% for sero-Ab. Almost 7%
(6.6%) and about 19% of the individuals remained sero-Ag and
sero-Ab positive throughout the study, respectively. Thirty one of
867 (3.6%) (sero-Ag) and 9 of 161 (5.6%) (sero-Ab) of the
participants were seronegative at the start of the survey, became
seropositive at R2 and turned negative again by R3. Vice versa,
0.5% (sero-Ag) and 3.7% (sero-Ab) of the participants tested were
seropositive at R1, became seronegative at R2 and again
seropositve at R3.
Discussion
The present study is the first to estimate the incidence of human
cysticercosis based on specific antibody as well as antigen
detections; adding to the very short list of publications reporting
the incidence of human cysticercosis [16]. The high taeniosis
prevalence (11.9%) in this study is strongly indicative for a high
environmental contamination with T. solium eggs, and subsequent
high exposure risk. The high sero-antibody results (33.8–38.5%
sero-Ab prevalence) as well as the fact that less than half of the
sampled population (44.7%) remained negative (sero-Ab) through-
out the study period corroborate this finding, as presence of
specific antibodies is indicative for exposure to infection [17].
About 32% (34/106) of the participants negative at the start of the
study turned Ab positive at one point; an additional 6 tested
participants positive at R1, but negative at R2, turned positive
again at R3 (table 3), indicating that more than one on three
people have been (re) exposed and reacted to infection during the
study period.
The sero-Ag results present a different picture. A much higher
percentage (78%) of people remained negative throughout the
study; and only 11.5% of the participants negative at the start of
the study turned positive at one point (table 3). As presence of
antigen indicates establishment of infection rather than exposure,
these results strongly indicate that about one on three people are
exposed to infection, whereas the infection only establishes in
about one on ten people. Findings from studies in Peru in pigs and
human and in Ecuador in human [11] also suggest exposure
without infection or mild infections that are aborted by the natural
immunity of the individual, expressed by the presence of transient
Table 2. Seroconversion rates of human cysticercosis in
function of sex for both circulating antigen and specific
antibody analyses.
Period Sex
New
cases
Individuals
at risk Seroconversion (%) 95% CI
Ag-ELISA
P1 All 52 758 6.9 5.2–8.9
M 26 331 7.9 5.2–11.3
F 26 447 5.8 3.8–8.4
P2 All 30 742 4.0 2.7–5.7
M 14 297 4.7 2.6–7.8
F 16 445 3.6 2.1–5.8
P3 All 47 758 6.3 4.6–8.2
M 24 311 7.7 5.0–11.3
F 23 443 5.2 3.3–7.7
EITB
P1 All 18 106 17.0 10.4–
25.5
M 11 51 21.6 11.3–
35.3
F 7 55 12.7 5.3–24.5
P2 All 22 107 20.6 13.4–
29.4
M 11 42 26.2 13.9–
43.8
F 11 65 16.9 8.8–28.3
P3 All 25 106 23.6 15.9–
32.8
M 15 51 29.4 17.5–
43.8
F 10 55 18.2 9.1–30.9
P1 stands for period 1 (between Round 1 and Round 2, 6 months), P2 for period
2 (between Round 2 and 3, 6 months) and P3 for period 3 (between Round 1
and 3, 12 months). Ag-ELISA: detection of circulating cysticercus antigen in
serum; EITB: detection of specific antibodies in serum.
doi:10.1371/journal.pntd.0002142.t002
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antibodies [18]. The higher levels of sero-Ab prevalence and
seroconversion in comparison with sero-Ag prevalence/conver-
sion, as well as the high seroreversion levels, identified in this
study, support this finding.
Another interesting outcome from this study is the rather short-
term presence of antigen in 31 participants (negative at R1,
positive at R2, and again negative at R3, table 3). Whether this is
due to an only partial establishment of infection (immature
cysticerci), or establishment and quick degeneration (self cure?) of
cysticerci is not clear. It was noted that individuals who became
seronegative were those with samples that had low antigen titers
(Data not shown). In humans, it is described that cysticerci in the
brain usually stay viable during years, while probably cysticerci in
the muscles tend to degenerate more quickly [19]. However later,
Garcia et al. (2010) [20] challenged this theory in the case of single
cysticercal granuloma’s, for which they hypothesize that instead of
being caused by a late degenerative process, the granulomas are
rather due to an early parasite death. In experimental infections in
pigs often infections do not establish, or (partially) establish (with
the corresponding increase in antigen levels) and abort shortly
afterwards. Deckers et al., (2008) [21] indeed demonstrated
circulating cysticercus antigens as early as three weeks after
experimental infection, which is before full maturation of the
cysticerci. Many factors, among which the size of the (re) infection,
the immune status of the host, age and sex play a determining role
in the (non) establishment of infection [22]. Results from this study
suggest that presence of antigen doesn’t necessarily always signify
presence of a viable, well established infection, however could be
indicative for short term partial establishment, and perhaps a
‘transient’ antigen presence should be considered. As such,
serological results from field studies, should be looked at critically.
Individuals with positive test results shouldn’t be automatically
considered as ‘infected with T. solium’, as is often done in reports
from field studies.
Figure 3. Sero- antigen and antibody conversion and -reversion for the three periods. SC and SR stand for seroconversion and
seroreversion, respectively. P1 stands for period 1 (between Round 1 and Round 2, 6 months), P2 for period 2 (Round 2–3, 6 months) and P3 for
period 3 (Round 1–3, 12 months). Ag-ELISA: detection of circulating cysticercus antigen in serum; EITB: detection of specific antibodies in serum.
doi:10.1371/journal.pntd.0002142.g003
Figure 4. Sero-antigen conversion and -reversion in function of age categories for Period 3. SC and SR stand for seroconversion and
seroreversion, respectively.
doi:10.1371/journal.pntd.0002142.g004
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Significantly higher sero-Ag reversion than seroconversion was
determined up to the age of 60 years. Previous studies have
indicated higher levels of active infection in elderly people, which
was suggested to be due to a lowered host immune response [11].
The higher seroreversion rates than seroconversion rates observed
in younger people, but not in older people in this study, could
indeed be indicative of an improved clearing of the infection in
younger people. The simulation models described in Praet et al.
(2010) [11] suggest a continuous exposure of the population with
seroreversion (antibody) rates depending on the number of
exposures, which relates to age as well as the immunological
status of the individual. Antibody seroreversion rates of 60% after
first exposure and 20% after second and subsequent exposures
were obtained.
This is the first study to report cysticercosis incidence based on
sero-Ag analysis (6300 per 100000 persons-year). The sero-Ab
incidence rate (23600 per 100000 persons-year) is comparable to
that reported in Peru by Garcia et al. (2001) [10] and in Ecuador
[11]. A higher average porcine cysticercosis sero-Ab incidence rate
of 53% has been reported in Peru [18]. Since pigs are highly
coprophagic, it is expected that they would be exposed more
frequently and to higher levels of infection as compared to humans
and hence record a higher incidence rate especially for sero-Abs.
In conclusion, this study has shown the dynamic nature of T. solium
infections, many of the people at risk become (re)infected due to the
high environmental contamination, with a high number turning
seronegative within a year after infection. An important number of
infections probably never fully establish, leading to transient antibody
responses and possibly even ‘transient’ antigen presence.
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Table 3. Infection/exposure status changes based on sero-
antigen and sero-antibody analysis throughout the study
period.
Status per sampling round Test
Ag-ELISA EITB
R1 R2 R3 No. % No. %
N N N 680 78.4 72 44.7
N N P 26 3.0 16 9.9
N P P 21 2.4 9 5.6
N P N 31 3.6 9 5.6
P N N 32 3.7 13 8.1
P N P 4 0.5 6 3.7
P P N 16 1.8 5 3.1
P P P 57 6.6 31 19.3
R1, R2 and R3 stand for first, second and third rounds of sampling. N and P
stand for negative and positive test result, respectively. Ag-ELISA: detection of
circulating cysticercus antigen in serum. ‘‘No.’’ expresses the number of
participants that presented the given statuses (e.g. N N N) during the follow up
(e.g. 680 participants tested negative at all three sampling rounds, N N N); EITB:
detection of specific antibodies in serum ‘‘No.’’ expresses the number of
participants that presented the given statuses during the follow up (e.g. 72
participants of the 161 tested negative at all three sampling rounds, N N N. This
number is independent of the Ag-ELISA result).
doi:10.1371/journal.pntd.0002142.t003
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